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Abstract - In parallel with the development of ship equipment, bridge systems have been improved, but marine accidents due to human
error have not been reduced. Recently, research in nautical bridge equipment has focused on suitable ergonomic designs in order to
reduce these errors due to human factors. In a bridge of a ship, there are numerous auditory signals that deliver important information
clearly to the sailors. However, only a 1w studies have been conducted related to the human recognition of these auditory signals. There
are three types of auditory signals: voice alarms, abstract sounds, and auditory icons. This study was conducted in order to design more
appropriate auditory icons using a sensibility evaluation method. The auditory icons were rated to have five warning situations (engine
tilure, fire, steering failure, low power, and collision) using the Semantic Diflerential Method. It is expected that the results of this study
will be used as basic data for auditory displays inside bridges and or Integrated bridge alarm systems

Key words - Ship Bridge Alarm Management System(BAMS), ship alarm assessment, sensibility evaluation, semantic difierence(SD
Method), auditory icon
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Table 1 Experimental and analytical equipment
- FuE =ES
Hardware | - Natural #AFE A-E 2377
- TENMARS AF¢] TM103 457
(Range:307130dB, Accuracy:+1.5dB )
- Cool Edit Pro 2.1(5 A|A] ZZ13))
Software | - GoldWave, Praat(28 #4 Z=z13)
- SPSS ver. 12.0
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Fig. 1 Ship Bridge Alarm Management System(BAMS)
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Fig. 3 Results of the sensibility evaluation (engine auditory

icon)

FcH(Fig. 2).
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Fig. 4 Results of the sensibility evaluation (collision

Fig. 2 Research design flow chart
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vl-5 2l (Bartlett) 7743}

A dup} =Zex]
meyer) A4S FH3}A
& KMO#%el 05670l HtE#l 4
0.000, =7 1152 KMOzte] 0.6410]aL vlEel
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Table 3 KMO and Bartlett’s test

4ol Pgol

A4 Pt

173
o=

BT KMOZ%e] 05 o]Ate]ar Pgkol
&} 7]l

]

AAFLE | F=4LS
EEYY A84el
. . 0.567 0.641
Kaiser-Meyer-Olkin %=
Bartlette] Aol A F 691.120 728.076
artlett 5
284 714 A= 253 253
frolg& 0.000 0.000
fAEA A3 AKX AngH FE ALe BT A &
T IFATZE 1017321 6701 AmA ] alo] FEH AT
74359 A F WEF 71691%E, 55 Hi1s9 4
Z W] 7319%5%5 AWstil tH(Table 4, Table 5). 7
2o DHRE AP 2909 FaYERH)e PEE oy
E0R A7 AugH FE P BF AR UFED
A me 4w ngc

2 % oox o 2 2

AEddes= g o] dAEe] FEHAUEA & F 3
o, o] AREe] YWFE ol A JFE T deA
ge18 4 9tk Table 6 ~ Table 82 3 H¥ ARy ¥
A Aveltt. dRAunEe FEZL, TR, AFH, #E
A&7, degor FEAND FEFALSS TR, T,
d, 4%, s, dedoer FEEHAN dRAns
It FEALE B diEEe SATE Wl s 29l
ol ael HAgol 0501dE wef sfdarele] & Folgl

o, th2 aldte] FHdAt diHer Bes g &

Table 6 Rotated factor loading matrix (engine auditory
icon)

%,
s

AT 0.872 0.193 0112 | -0091 | -0.118 | 0.032

A zatet 0.872 0.087 0.020 | -0.042 | -0.031 | -0.055

st -0.837 | -0.062 | 0115 | -0.101 | -0.014 | 0.003

Eetatrt 0.784 0.172 0.050 | -0219 | -0273 | 0.036

Hatrt 0.774 | -0.099 | -0.093 | 0.038 0117 | -0.196

eHgHoltt | -0625 | -0.053 | 0.093 0.241 0.247 0.377

e -0.603 | 0.141 -0.187 | -0.310 | -0.252 | 0.389

v skt -0.568 | 0.187 0443 | -0073 | -0.221 | -0.015

By 0.020 0.819 0.083 0.138 | -0.067 | -0.103

A 0.017 0.789 | -0.099 | -0.057 | -0.256 | 0.256

g H et 0.125 0.757 | -0.165 | -0.079 | 0.072 0.000

= o 3 33F A

4 e B A8 AER A et 0316 | 0684 | 0246 | -0.020 | 0198 | -0.346
. ] % % ] % % —

A g | e | ] ay | ma wulsich | 0441 | 0642 | 0414 | -0.033 | 0088 | -0.065

EUNei T RUSe T

1 | 5408 | 23511 | 23511 | 5068 | 22,036 | 22036 FASHE | 009 | 0004 | 0827 | 0094 | 0245 | 0046
2 | 3666 | 15937 | 39.448 | 3311 | 14.395 | 36.431 ARSG | 0068 | -0024 |07 | 0362 | 0115 | 0157
3 3277 | 14.249 | 53.697 | 3.028 | 13.167 | 49.598 A 0102 | 0164 | -0692 | 0046 | -0032 | 0.197
4 | 1485 | 6455 | 60152 | 1.770 | 7695 | 57.292 SAsih | 0092 | 0483 | 0527 | 0220 | -0.075 | 0048
5 1380 | 5999 | 66.151 | 1.693 | 7.362 | 64.654 =gt -0330 | -0.133 | 0470 | 0252 | 0124 | 0411
6 1.276 | 5546 | 71.697 | 1.620 | 7.043 | 71.697 A&tk 0061 | 0082 | -0.158 | -0.839 | 0.064 | 0.083

Table 5 Total variance explained (collision auditory icon)

. Z7] 3k 3 A HA%
1 | 5397 | 23464 | 23464 | 4248 | 18468 | 18468
2 | 3867 | 16814 | 40278 | 3680 | 15999 | 34.467
3 | 2971 | 12919 | 53.197 | 3.274 | 14.235 | 48702
4 | 169% | 7.369 | 60566 | 2.173 | 9447 | 58.149
5 | 1581 | 6874 | 67440 | 1.749 | 7604 | 65.753
6 | 1324 | 5755 | 73195 | 1712 | 7443 | 73.195

BRexisie) 0.031 0.267 0.251 0.611 0.333 0.178

o)%slth | -0246 | 0070 | 0081 | 0237 | 0791 | -0.026

witt 0165 | -0.238 | 0338 | -0351 | 0676 0.100

wstt 0.112 0.031 0.052 0.031 -0.021 | -0.892

- 404 -



o5l - BEE - Y - AE

(<] 1

Table 7 Rotated factor loading matrix (collision auditory Table 9 Sensibility evaluation of the collision
icon) auditory icon scores each factor
A TE A FE B FE C
1 2 3 4 5 6 189 4.56 521 4.76

)= 0871 | 0224 | -0.059 | 0169 | 0.068 | 0157 298¢ 4.34 4.90 3.68

Azvett | 0864 | 0197 | -0090 | -0.231 | 0034 | 0136 384l 3.00 2.99 3.26

worsttk | 0848 | 0161 | -0.185 | -0.153 | 0.089 | -0.063 4821 243 2.25 2.35

Fahct 0745 | -0084 | -0248 | -0.042 | 0228 | -0.239 524l 250 291 276

9]

g 0638 | 0275 | -0287 | 0024 | 0120 | 0.117 681l 4.32 444 4.00

zag -0012 | 0825 | -0.025 | -0.094 | 0049 | 0201
4.3 E4HEAN

#oh 0167 | 0816 | 0177 | 0072 | -0.005 | 0173 ===

s4a | 0119 | 0681 | 0361 | 0084 | -0309 | 0.259 Table 10914 B5%o] AAAFuLL X7, T3, gt

=ubsieh | -0287 | 0643 | 0434 | 0113 | -0.014 | -0.145 oAl A Frolgk Aol 7t ‘JrE‘r STHPp<0.05). fr2le zFol7F yYephd

7t 0470 | 0613 | 018 | 0076 | 0200 | 0126 Al 7HA 291 B%E QR ColA ZAAHI} ATt AV =4 U
E}sttH(Table 8). L 7;34 AX Aae C7F /M =2 Ay

g Heltt 0.500 0563 | -0.162 | -0.131 | 0290 | -0.016

S B3th

AhEEsiTh -0.090 | -0.149 | 0.858 0166 | -0.047 | 0.047

g2tk | -0.087 | 0350 0.721 | -0.220 | 0.090 0.067

§ Table 10 ANOVA results of the engine auditory icon
R =, 0.067 0.136 0.684 0.458 0.078 -0.169

Azt | 0185 | 0098 | -0660 | 0226 | -0.014 | 0418 A | EFHA| O F p-value
e | -0241 | -0024 | 0544 | 0436 | 0190 | -0.062 ol 1 dz_A | 370 051 2150
) 0097 | -0310 | 0109 | 0710 | -0.050 | 0154 (B2 AAB| 37 | 037 B 0.045
o
ARt | -0350 | 0274 | -0171 | 0636 | -0.194 | -0.112 Al C | 380 0.28
obgAolrt | 0394 | 0304 | 0148 | 0578 | 0056 | -0.170 90l 2 AR_A | 435 0.82 5596
Qzatt | 0081 | 0212 | 0117 | 0158 | 0825 | -0.001 (F27h) AUB | 462 1.06 ok 0.005
N B Adzx_C 473 1.01
gAsit | 0217 | 0245 | -0.037 | 0381 | -0.753 | -0.09%
_ Adz_A 2.65 0.54
[t R=t 0081 | -0045 | -0.016 | -0.028 | 0122 | -0.876 29 3
1o} 0072 | 0149 | -0373 | -0263 | 0298 | 059% (X 271 AW B | 28 048 0658 | 0.500
2 ) 149 | -0.373 | -0.267 2 ] o 27
AA_C 2.74 0.71
qop g | ARA| 418 | 104
Table 8% Table 92 7} 231 74 A7 A4 Yl = ) AA B | 421 0.88 1556 | 0216
3 gth o= 9RA Az 7 aole] Ha et A | CIEB o e T 109
TFE Hskgeh oz Cok 5 B F-FEe Q0loA = : Az A | 256 1.00
[e}e} -
& AFE B b 2e A9YEs Bt A AX B | 241 080 | 1542 | 0219
;l/\ﬂ -
WS a2 | 16
Table 8 Sensibility evaluation of the engine auditory oo A A 3.35 1.66
icon scores of each factor 29 6 a4 B | 3% 16 | 397 1 5000
(Gt : : w7
Az A Az B dz C AA_C | 482 1.24
18491 3.70 3.79 3.80 * p<.05, *xp< 0]
2891 435 462 473
382l 265 2.81 274 Table 11e]4 Bio] $EALSE X7, T3, A5
48.9) 418 421 3.82 oA frelgk Aol 7k VERATHp<005). fol7 Aelzt et
5841 2.56 241 2.82 Al 7HA 29 B% 2= BollA "I Akt b =4
6821 335 335 482 ehsktH(Table 9). 1 23t 35 A3$ Brh 74 e A9
S Bt
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